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This preliminary report is intended to provide the reader with the scope of services that the city 
provides for open channel, stream, and wash maintenance for flood prevention, ecosystem health, and 
community recreation. 
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Common abbreviations: 
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Summary: 
The City of Flagstaff Water Services ς Stormwater Section is in charge of maintaining 28 miles of 
major urban stream and wash channels as well as 112 natural streams, minor ditches, swales, 
and small washes. The purpose of this document is to provide a short report of the calendar 
year 2020 open channel maintenance activities as well as a guide for the justification of the 
program and general scope of work. This report provides a snapshot in time of the program but 
should be useful for guiding future work in the program. Funding for the program comes from 
the Stormwater Utility Fee and the program is justified by both city code and the Federal 
Emergency Management Agency (FEMA) National Flood Insurance Policy Community Rating 
System section 540 credit. This document does not replace the existing SOP or EPG for open 
channel maintenance, that SOP covers all the necessary items for FEMA Community Rating 
Service credit and is attached as an appendix. 

 

Introduction 
The city of Flagstaff resides largely within the Rio de Flag watershed. Small portions of the city 
also drain to Oak Creek to the South or to Walnut Canyon to the southeast. The Rio de Flag 
watershed is situated on the southern edge of the San Francisco Peaks (Mount Humphreys, 
Agassiz, and Fremont). The Rio de Flag is part of the larger Little Colorado River watershed and 
makes up the boundary with the Verde River watershed to the west and the Colorado River 
watershed to the north. 

The Rio de Flag is an ephemeral stream, meaning that it flows only during parts of the year. 

While ephemeral streams have historically been ignored by science and society they have 

recently been found to host high biodiversity and great recreation potential (Goodrich et al. 

2018). Perennial, or continuous, reaches of the Rio de Flag, are artificially maintained using 

reclaimed water from the City of Flagstaff. These reaches incluŘŜ ǘƘŜ άwƛƻ ²ŜǘƭŀƴŘǎέ ƴŜŀǊ 

Interstate I-40 and Picture Canyon. The city also maintains Frances Short Pond, near downtown 

Flagstaff, using reclaimed water. 

 

The Rio de Flag, and its tributaries, has moderately to well defined channels depending on the 
underlying geology. In terms of stream classifications they mostly fall under a Rosgen VIII, a 
moderately confined valley with fine soils and a distinct floodplain (Natural Channel Design, 
2020). Headwater channels tend to be more confined, steeper, and lack floodplains (Type II 
Rosgen channels; Rosgen 1996). Streams within the watershed have a much lower competency 
than regional streams of comparative watershed size. The exact reason is still unknown and 
currently being researched by the Stormwater Section. Stream restoration projects in the 
watershed have used a combination of Rosgen natural channel design stream restoration 
practices (e.g. Rosgen, 1997) and quasi-traditional channel stabilization methods loosely based 
on Native American traditions (Zeedyk and Clothier 2014). 
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Invasive weeds are a large problem in the watershed, reducing the recreational value of the 

riparian corridors as well as altering the bank stability and stream function. Weeds can be 

ǘǊŀŎƪŜŘ ǳǎƛƴƎ ǘƘŜ /ƛǘȅ ƻŦ CƭŀƎǎǘŀŦŦΩǎ ²ŀǘŜǊ {ŜǊǾƛŎŜǎ ǿŜed app (https://arcg.is/14CS1e). This app 

was created to help city and county managers track and remove weeds, primarily in the 

floodplains and channels of the Rio de Flag and its tributaries. Especially noxious, or quick 

spreading, weeds include musk thistle, diffuse knapweed, yellow starthistle, spotted knapweed, 

bull thistle, poison hemlock, common teasel, scotch thistle, and Mediterranean sage. Siberian 

elm is also widespread, the only tree species that could be considered noxious in the Rio de Flag 

watershed. 

 

Open channel maintenance within the city is managed by the Stormwater Section for publicly 
owned parcels and for drainage easements. Private citizens are responsible for their own 
stream reaches. The city Public Works Division assists Stormwater with some larger dredging 
and cleaning operations as does the Water Services Operations Section. The program currently 
includes 28 miles of major channels that are reported to FEMA for CRS 540 credit (Figure 1). 
Another 112 miles of natural channels, minor ditches, depressions, and swales are also 
maintained but on a reactive basis (Figure 2). 

 

https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Farcg.is%2F14CS1e&data=04%7C01%7CEdward.Schenk%40flagstaffaz.gov%7C7180e04cd0974ba966fc08d879fbd8a6%7C5da727b9fb8848b4aa072a40088a046d%7C0%7C0%7C637393469855929663%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=Cad07LUwgwecRau8rRYEdwblBSnjpGilfYt0I%2F2CjKI%3D&reserved=0
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Figure 1. Major channel reaches maintained by the city and reported to FEMA for CRS credit. 
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Figure 2. Natural channels, minor ditches, depressions, and swales maintained based on drainage 
complaints. 

 

Justification: 
Applicable City code for open channel maintenance includes but is not limited to:  

1. SECTION 12-01-001-0006.7 DEVELOPMENT STANDARDS FOR REGULATORY 
FLOODWAYS: The following are prohibited in, on, or over the regulatory floodway 
unless removed by a FEMA map revision: Encroachments, including fill, new 
construction, additions to existing structures which increase the building footprint, 
storage of materials or equipment, manufactured homes, recreational vehicles, or other 
development are prohibited. 

2. SECTION 12-03-001-0013 WATERCOURSE PROTECTION: Every person owning property 
through which a watercourse passes, or such person's lessee, shall keep and maintain 
that part of the watercourse within the property free of trash, debris, excessive 
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vegetation, and other obstacles that would pollute, contaminate, or significantly retard 
the flow of water through the watercourse. In addition, the owner or lessee shall 
maintain existing privately owned structures within or adjacent to a watercourse, so 
that such structures will not become a hazard to the use, function, or physical integrity 
of the watercourse. All maintenance activities must be in compliance with Federal, State 
and Municipal regulations. 

3. SECTION 12-02-001-0007 REQUIREMENTS FOR ON-SITE STORMWATER SYSTEMS, 
ENFORCEMENT METHODS AND INSPECTIONS: All property owners and developers of 
real property to be developed within the City of Flagstaff shall provide, manage, 
maintain, and operate on-site stormwater systems and facilities sufficient to collect, 
convey, detain, control, and discharge stormwater in a safe manner consistent with all 
City development regulations and the laws of the State of Arizona and the United States 
of America. Any failure to meet this obligation shall constitute a nuisance and be subject 
to an abatement action filed by the City in a court of competent jurisdiction. In the 
event a public nuisance is found by the court to exist, which the owner fails to properly 
abate within such reasonable time as allowed by the court, the City may enter upon the 
property and cause such work as is reasonably necessary to be performed, with the 
actual cost thereof charged to the owner in the same manner as a stormwater service 
charge as provided for in this Article. 

 

A community that inspects and clears out debris from the streams, canals, ditches, detention 
basins, and other portions of its drainage system could receive FEMA Community Rating System 
(CRS) credit under Activity 540 (Drainage System Maintenance). For credit, the community must  

ω !ƴƴǳŀƭƭȅ ƻr regularly inspect some or all of its drainage system,  

ω /ƻƴŘǳŎǘ ƛƴǎǇŜŎǘƛƻƴǎ ŀŦǘŜǊ ƳŀƧƻǊ ǎǘƻǊƳǎ ŀƴŘ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŎƛǘƛȊŜƴǎΩ ŎƻƳǇƭŀƛƴǘǎΣ  

ω wŜƳƻǾŜ ŘŜōǊƛǎ ŀƴŘ ƻǘƘŜǊ ƻōǎǘǊǳŎǘƛƻƴǎ ǘƻ Ŧƭƻǿ ƻǊ ǎǘƻǊŀƎŜ ǿƘŜƴ ǘƘŜȅ ŀǊŜ ŦƻǳƴŘΣ ŀƴŘ  

ω IŀǾŜ ǿǊƛǘǘŜƴ ǇǊƻŎŜŘǳǊŜǎ ŦƻǊ Ƴŀintenance. The procedures must include six items:  

(1) Who is responsible for the various aspects of the maintenance program,  

(2) An inventory of the system, including ownership,  

(3) A map of the drainage system and the parts subject to the program,  

(4) The procedures for inspection (e.g., when and how inspections are conducted),  

(5) The procedures for debris removal, (e.g., how soon the problem is fixed after an 
inspection and what can and cannot be removed), and  

(6) The records kept to document the inspections and the removal projects. 
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The City of Flagstaff currently receives credit under Activity 540. It is the intention of the City to 
continue to receive credit for this work as it maintains our CRS Class 5 ranking. This ranking 
provides the community with a 25% reduction in NFIP flood insurance premiums. 

 

General scope of work 
 

Vegetation removal 

Vegetation removal should be targeted at any woody vegetation within the channel bottom, 

from mid-bank to mid-bank including the channel bottom but not vegetation on the mid or 

upper bank slopes that might maintain the integrity of the bank. Trees or shrubs that grow on 

the banks should be left to help stabilize banks but may be trimmed to allow for flood water 

ǇŀǎǎŀƎŜΦ Lƴ ƎŜƴŜǊŀƭ ǘƘŜ άŎƘŀƴƴŜƭ ōƻǘǘƻƳέ ƛǎ ōŜǘween 4 to 15 feet wide. Vegetation clearing 

beyond 15 feet width should only be done in consultation with the Stormwater Section. The 

majority of trees in the channel bottom are willows, aspen, ponderosa pine, or elm. Trees or 

shrubs that grow on the bank but that have considerable lateral growth into the channel 

bottom should be pruned to prevent any obstructions in the dominant water flow path. 

Additionally, any dead trees within the easement, regardless if they are on the channel bottom, 

should be cut.  

Stumps should be no higher than one (1) foot off of the ground. All cut material needs to be 

ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ ǎƛǘŜΤ ǘƘŜ /ƛƴŘŜǊ [ŀƪŜ [ŀƴŘŦƛƭƭ ǿƛƭƭ ŀŎŎŜǇǘ άƎǊŜŜƴέ ǿŀǎǘŜ ŦǊŜŜ ƻŦ ŎƘŀǊƎŜΦ aƛȄŜŘ 

waste should be charged to the City of Flagstaff Stormwater tipping fee at the landfill. 

!ƭǘŜǊƴŀǘƛǾŜƭȅ ŀƴȅ ƎǊŜŜƴ ǿŀǎǘŜ Ŏŀƴ ōŜ ŎƻƳǇƻǎǘŜŘ ŀǘ ŀ ǎƛǘŜ ƻŦ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊΩǎ ŎƘƻƻǎƛƴƎΣ ƘƻǿŜǾŜǊ 

there is no guarantee that the Stormwater Section will pay for any additional charges or tipping 

fees of a third party disposal. 

Some sections of channel may require access along the FUTS pedestrian/bike trail. This access 

should be coordinated with City staff. Any vehicles on the FUTS must be parked in a way that at 

least half of the trail is accessible for hikers and bikers to pass the equipment. Any driving on 

the FUTS must include a safety spotter and when equipment is parked there must be adequate 

signage and safety cones in both directions to indicate to trail users that there is equipment 

ahead. Any cutting of trees over 10 feet tall must be completed by a trained sawyer.  

 

Trash and debris removal 

Trash and debris removal include the top of bank to top of bank within a stream segment, the 

entirety of the channel should be cleared of trash and debris that may clog drainage 

infrastructure. Trash disposal is often coordinated with Public Works ς Solid Waste and/or 

Parks. 
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Invasive weed removal 

Invasive weed removal includes the top of bank to top of bank within a stream segment. The 

species of concern include scotch thistle, musk thistle, knapweed (various species), Siberian 

elm, Russian Olive, and teasel. An example of invasive weed distribution can be found here: 

https://arcg.is/a1LCW. Removal should include removing grassy and herbaceous species totally, 

including rootball, and cutting trees or brush species to less than one foot above the ground 

surface. Disposal of herbaceous weeds must be done by bagging and transport to the landfill or 

burned at the County Public Works yard. Disposal is the responsibility of the 

contractor/consultant though small piles may be disposed of using Solid Waste. Woody weeds 

(trees and shrubs) can be disposed of by any of the methods outlined under the vegetation 

removal section. 

 

General channel clearing, dredging, erosion control 

There will be occasions when general channel clearing will be required, this will include 

activities not described above such as cutting of tall grasses and the removal of illegally dumped 

construction fill. For both examples the work will include hand tools and/or small light-duty 

motorized machinery (e.g. brush cutters or small scale skid steerers). Work is conducted by 

contractor, Public Works, Water Services ς Operations, or by the County depending on the 

project. 

 

Summary of 2020 open channel maintenance activities 
 

Calendar year 2020 was made difficult due to COVID-19, however quite a bit of work was 
completed despite the obstacles of shut-downs, social distancing, and reduced revenue. A total 
of 163 channel assessments were completed by Stormwater staff with 28 closed work orders at 
a contractor cost of $46,301 (staff time and city equipment is not tabulated). A screenshot of 
the CMMS CityWorks dashboard is included in Figure 3, this software allows managers to see 
progress in real-time as well as assign work orders and contracts.  

The majority of work completed in 2020 was removal of woody vegetation that can block the 
channel during flood flow. Invasive weed removal and trash clean up were also large 
components (Figure 4). While few in number the dredging and erosion control work orders 
were the most expensive tasks to complete during the year. The following figures, tables, and 
photos provide an overview of the work completed in the year. A total of 13.9 miles of stream 
was cleaned in 45 separate work orders. 

https://arcg.is/a1LCW
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Figure 3. A December 2020 screenshot of the CityWorks CMMS dashboard for open channel 
maintenance. The numbers for total miles and closed work orders may not match summary tables due to 
ǿƻǊƪ ŎƻƳǇƭŜǘŜŘ ƻƴ άǎǘƻǊƳ ŎƘŀƴƴŜƭǎέ ƛƴǎǘŜŀŘ ƻŦ άC9a! ƻǇŜƴ ŎƘŀƴƴŜƭǎέΦ {ŜŜ ŦƛƎǳǊŜǎ м ŀƴŘ н ŦƻǊ 
clarification. 

 

Figure 4. Percent of work orders by type. The number of work orders does not include cost. 
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Figure 5. Open (red) and closed (blue) work orders and assessments in 2020. The work orders are tracked 
in the CityWorks CMMS in real-time. Maintenance activities are entered in the field using a tablets, 
laptops, and smart phones. 

 

Table 1. Type of work order, percentage of total work orders, and total cost by type. 

  Percent of   

Type 
work 
orders Cost 

Dredging 7 $25,400 

Erosion Control 3 $5,686 

General Landscaping 3 $140 

Remove Trash/Debris 10 $2,710 

Remove Vegetation 59 $8,485 

Invasive Weed 
Removal 17 $4,380 

 

 




























